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(57) Abstract 

The present invention teaches a composition which provides ■ 
formed by mixing an ethylenically unsaturated acid and a polyam-ne, wherem said po yam.n ^ c |( an ( _ r2) ^_ 

said polyamine has four or more A, B or C units, where A i ^ N ^?» ™" ' ^ tituted ary l, arylalkyl, and alkylaryl, and R 2 is 
unit, where R> is independently seated f ™ h ^^^ a^ylene groups having from 1 to 

independently selected from the group consisting of. hnea a J™^^™ % » carbon atoms . The composition is coated on a 

s^r*^ 

in packaging applications. 
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POLYAMINE/UNSATURATED ORGANIC ACID COMPOSITION FOR BARRIER COATING 
Field of the Invention 

The invention relates to coatings containing a polyamine and an ethylenically unsaturated acid 
which have barrier properties useful in packaging applications. In another aspects, the 
invention relates to a method of manufacture thereof. 
Background of the Invention 

It is well known that coatings containing silane compounds and itaconic acid improve the gas, 
oil, and flavor barrier performance of organic polymer film substrates. Moreover, the adhesion of 
the coating to the film surface, as well as the improved barrier characteristics provided by the 
silane coating, are greatly enhanced by exposing the coated film to electron beam radiation. 
A particularly useful barrier composition is described in U.S. Patent No. 5,215,822, which 
teaches a methanol solution of a vinyl benzyl amine silane (Dow Corning Z-6032), itaconic acid, 
and water; coating this solution on a corona treated low density polyethylene film, drying, and 
then subjecting the coated film to electron beam radiation grafts the coating to the film surface 
further improves the barrier properties of the silane coating. However, while this coating gives 
excellent gas barrier properties at low to moderate relative humidity values, the gas permeability 
increases drastically at very high relative humidity values. 

The present inventors have surprisingly discovered that the combination of a polyamine and an 
ethylenically unsaturated acid gives excellent gas barrier properties at low to moderate relative 
humidity values, as well as excellent gas barrier properties at very high relative humidity values. 
The acid group and the amine form an amine salt which imparts excellent barrier properties to 
the composition. The composition may be crosslinked to further improve barrier. 
None of the prior art teaches the present invention. For example, U.S. Patent No. 4,761,435 
claims UV curable polyethylenically unsaturated compositions in combination with a polyamine 
resin, which use an aryl ketone photosensitizer. The '435 patent teaches that acid functionality 
in the compositions is undesirable (col. 5, line 24). The patentees indicate that the formation of 
amine salts is to be avoided, because the photosensitizer reacts only with an amine, and not an 
amine salt. This is in contrast to the present invention, which teaches that the formation of acid 
salts is desirable and results in superior barrier properties. 

Another example, U.S. Patent No. 4,943,600, teaches the combination of a tertiary amine 
) containing resin, allyl terminated resin, and a maleate functional resin. Likewise the patentee 
teaches that the compositions are formulated to minimize or eliminate carboxyl functionality, 
which contrasts directly with the present invention. 

U.S. Patent No. 5,017,406 claims UV curable compositions which contain reactive unsaturated 
compounds, but does not teach the use of a polyamine or an unsaturated acid as does the 
5 present invention. 

JP (Kokai) publication 7-18221 published on January 20, 1995 teaches a surface treatment 
composition for gas barrier comprising an aminosilane and a compound having an aromatic ring 
or hydrogenated ring. The present invention is distinguishable, however, because it does not 
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require the addition of cyclic compounds having an aromatic ring, nor does the reference teach 
ethylene uns.tun.Kd add to achieve gas barrier properties. 

-ere the composidon is fonned by mbhng an eihy.eracauy unaabaramd aod and a 

SI^^--" — ^- - -" -d,ta,,B ' 
said nolvamine has four or more A, B, or C units, where: 

13 -R 2 • NP>ta uni, B is an -Rl - urnf, and C is an t*3" - 

T" is independendy selected from hydros, *1, subsututed al»l. subsututed 

aryl, arylalkyl, and alkylaryl, and 
R 2 is independently selected from the group consisting of: 

linea r or branched alkylene groups or substituted alKylene groups havmg from 

to 18 carbon atoms, and 

a^iene groups or subsdtuted ary.eae groups having from 6 to 18 carbon atoms. 

^composition is coated «» a *»*~ — ^ "^t^ 
rcacrion. TheinvenUoncanbeapphedasacoadngtoavanetyofsubstratesusedmpac gins 

which improve, resistance of the material to transmission o, gases and aroma — ugh, 
t example, a 3° -icron united bia^y crimed, corona seated polypropylene m* s 
Iene^yLnd t ohav.aperm=ahih W mo^oflSC«>cc,m2,day.smeasuredaASTM 

,s D3985-81 measured a, 80% miauve humidity. WKh the present eoaungs. the oxygen 

* 11^: r.teofdtes^erumcanhereducedtoless.han.SOcc/m^day.smeasureda. 

80% relative humidity. 

WMea ^ fo Xe"— mhodunents Of Ure„venUo»..tshou,d he understood, 

" 

the embodiments illustrated. 
35 T h n«s of the present invention are po.ymeric, homopolymeric or copolymeric 
polyamines having four or more A, B, or C units, where: 

A is an -R^ - unit, B is an -R - H ( r2-) 2 unit, and C ,s an (-R >3 N umt, 

where: 
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W 3 ^ 

R l is independendy selected from hydrogen, «. suited «. aryl. suited 

aryl, arylalkyl, and alkylaryl, and 
R 2 Ls independendy selected from the group consisting of: 

Uneartbrancneda!^ 
to 18 carbon atoms, and 

===== = ::=====-— 

apples of polype, -Ml for ft. ^udc P<*vm* ^» ^ 

poiyacryl amides. poly-DADMACs polyvinyl pyrrolidene copolymers, polyeftylemm 

units, where: ^ C is an (-R^N - unit, 

Aisan-R2-N(Rl) 2 unit,B 1S an-R ' >2 ' f a in B to C units can be from 

where R 1 is hydrogen r2 is an -CH 2 CH 2 - group. The rauo of A to B to C umts c 
^ tin 5 # 0 5 to about 1:2: 1, but is preferably from about 1:1:1 to about 1.2.1. 
, about 1.0.5.0.5 to about using me thods well known in the art, 

Additional groups may be grafted onto poiy nroDert ies Examples of 
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weight polvethyleniminea available from Nippon Shokubai, (Japan). 

Apredeterm ^ ^ ^ unsararano „. Tbe 

Bv -etny.en.cany ™^'* ^ ,„ ^ „, „, up to abou, 80 pans by 

e^l^unaa^ 5 pms „ being m os. prefe^d. Tbe 

■„ ^nmethvlester vinylphosphonic acid, sorbic acid, mesacomc acid, andvmyl 

20 — — — r^rr—. 

,n«neral water alcohol* and blends .hereofwill serve as suitabte solvent, beeause .be 
Dow Chemical Company, Midland, Michigan). 
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notional Crosslinkers 

JL the polyamine and the ethylene «— — acid may be combmed «o fo rm .he 

^.prove the bamer properhes, reduce dewe.ung, and improve appearance, it . behaved tha. 
^.crosslm* density resuhs in these improved proparhea. As — 

■cLiinher- is defined to mean an agent which can (nnher chain extend and/or croashn* the 
pXandnc. The crosier raay he an organic crosier or more prefembly, a reachve s,lane 
crosslinker, or mixtures thereof. 

cnamcvtendandcroas^thepoiyammcchaa, 1, beaeved ma. a h.gher degme^ 
polvmenaabon and croaslinaing of the polyamme is desirable to prov.de .mproved barnm 
roperdesa.d.pp.ara^eofthehar.ercoadngsoidtepr.aentmvendon. T e_ds 
; useLl to chain extend and cmsslink me polyamine cham include, but are not iam.rf to 
muilncbon, acryia.es. mediates, epoxides, .socyanates. th.ocyana.es. 
anhydndes, esters. a*yi haMdes. aldehydea or combmabbns .hereof. Speed! 
bu , are not limited to hexanediol diaoryiate, giycidyi methacrylate, emyleneglyco.d.giyc.dyl ether. 

c OT pon„d S u S en. lt ochame.x,enda,dcrosa tok thepo,yamme 
roIlgLudethosema^s which wiii undergo OT acid cataiyaed condensa^ reacnon «nr 
the nitrogen atom of the poiyamine, such aa tris-m.thy,o, phenoi. aldehydes such as 
formaldehyde and giyoxal. p-benzcuinone, and mbdures of formafdehyde and acuve methylene 

.5 compounds that will undergo a Mannich reaction. ^.b,*. 
The emylenically unsamrated acid can be crossiinhed independent of the po yamme by the 
-J— - — dswb.chw.ccPolyme^ewithmeeth y^c* 
unsaturated acid. These compounds include muinfuncdonal acryla.es andm macryimea In 
addition the ethylenically unsab.ra.ed acid may be crossed directly into the crossbreed 

30 — by^admbonmacrylamannme^lamh.nc^^.Thea^Um 

and metnacrylate functional sdane compounds such as ac,y,oxypmpy,«me,hoxy sdane and 
methac^oxyprcpywmethoxy sfmne may be added to the composes of 

eoadenaabon of the ajhoxy or acyloxy groupa subse,uent to coabngw.ll form a P*-~ 
3S material with mulb funcbonal groups which will copolymer^ with the chy.en.caay unsaturated 
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^..labour 1:10, withapreferredradobeutgabnu. «» »— — — *~ "* 
ratio being about 5:1 to about 2: 1. 

Reactive SU< ™° ftose „ hich cntain both a functional group that will react 

The most preferred — ^ „ ^ of ethylene unsannated 

Witha nrtrogenatoroon ^..^ ertHacyloxy silane group which 

B T'ZTZ^Z^~^ moleculeato.onnSi-O.Si.oupa. 

, ^o- D mm, where 0 is any group containing one or more 
^ S '~^"'o Lchlo^a.nnearorbrancheohalogenatenall.l.an. 

Spec f.callv. the re.cdve sdane includes mofecules such a. ganuna-ac^fe^l 
n^d—e. em »— h^en^.^— P^ 
- i .Horonronvltrimethoxvs U ane.chloropropyltrietho»ysilane,gainina- 
0 ZZZZZ ^^..ny—uane.— „e. wnyl-.a,^ 

t ho„ sOane mcutyldintetho^ silane and gfcciooxypropyi ntethyldanethoxy sdane. 
r tlr^tLes^^^ 

The most preferred s i tottevsU a„e available from the Dow Coming 

.5 Corporau ^ ^ ^ polyanune after the 

resulting . po^/reacdv. aifene weight radon ofahout 

5:1 to about 2:1. 

Coat Weight hQwever> ^ . s preferred ^ ^ coating be 

The coating can be applied in any aes ,9 the most preferred 

applied in an amount such that the coat .eight is up to about 20 gms/m ^ 

Ht h™ e from about 0.5 to about 10 gms/m2. C oat weight can be determined by 
35 coat weight being from about ^ ^ ^ 

gravimetric comparison. The coating can PP ^^ion coating, 

method, such as spray coating, roll coatmg. slot coating, meniscus coating, 
and direct, offset, and reverse gravure coating. 
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P o,yemylen.cop.,ym.r,^^^^ 

pol ethylene naphthalan (PEN), polyolenn coders, such as ethylene vmy, acetate, thy**. 
, -Hand ethylene vinyl alcohol (EVOH>. polyvinylalcohol and copolymers thereof, 

tr.ahn.ht, add tr.atm.nts and Dam. treatments, al. of which are known . *. « 
, n addition, dr. composidons of th. pmsen, inv»don can he used as bamer layers on a ™d. 
^Tof P-ckagmg coders, such as pouchea, M hes. bo,«les, vials, bag-m-tca. s,and-up 

L. The coalitions of me ptesen, invention may he used as lanunahng a« 

Of course the present invenhon is no, Umi.ed to jus, packaging appl.cahons, and may he used 

aides inflatable devices generally, etc. 

Tof ». foregoing suhstra.es may have prhnem applied mereon. The primers are app^d ,o 
m e„iscus coahng, immersion coahng, and dire* ons« and reverse gravure coahng. Smmbte 
lammoemyl).3-amin,pmpylhim=thoxy silane and aminopmpylthethoKysdane. 
«„„posiho„sofmeprese„,,nve„do„»Uf.rmfumsa,amhie„,condidons,opm.um 

, t^nheam is the preferred method of curing because it is cheaper 
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c „ S sl talt d.nsi«ya„dche n ic«l S raf«n B of«hecoa^.oth e5 u t » t xa««. Efeetronbemn 

ff mm about 5 to about 2000 KeV, preferably torn about 50 to about 300 
beam havmg energy of from about ima ^ ^ ^ ^ ^ 

KeV discharged therefrom may be irradiated in a dose 01 iro 

^most preferred dosage is 150 KeV of at least 5 Mr. Low electron beam voltages ^^^^^ S 
0- subsume is treated in a vacuum. Commercial available — 0, eleomm beam are 
Electrocure CB-150 available from Energy Sciences, Inc. (Wilmington, MA). 

of inibators used in tbe UV cure of the present composmon include ^V^«». 
pbenvl-proptm-l-one (Darocure U73,, sold by EM Chemicals, and 2.2 

purposes of this invendon. it has been found that from about 0.05 to about 5 weight p»cn. 
:n L total solids m the common, of the photoimdators descdbed therem - cause 

the composition to cure. » mn \ n vi>r\ 
Outer types of free radical generators, known to those skilled in the art may also b, employed, 
such as oromoted peroxides, azo compounds, etc. 

ZZZZ other methods of cnrmgmaybe reared i, a crossover ,s added to the „on. 
For example if a reactive silan. croaker is added, the composidon may be cured vta a 
cond.ns.don reacdon, which retires the presence of moisture. * -™^ ^e 
*. coating soludon itself, or may be added through steam or in a htgh hurrndtty oven. The 
Lion mav be accelerated though the presence of heat, for example, by headng m an oven at 
feT^res up to about H0-C, - tempemntres of from al»ut 60'C to about l« bemg 
"IdfempereduresofaboutSO-Ctoabon, 1 ■« being most preferred. HeatingUmets 
Lmerature dependent and the coating win reach tack free time in one to ,0 second, The 
"ep seL to evaporate ore solvent, and accelerate the condensation reacdon between 

silanol groups. The addidonai cure chemistries recced w» depend on the pa^cula, 

crosslinMng systems employed, which are well known in the art. 

Optional Additives 

vLus opd.nm addidves can be added bo the eomposidon to improve various 

reouired These addidves may he added as desired and in any amount as long as they do not 
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fcUph.no, A dMdWri. or polyanunes, such as poiyethyienin** and 0*0, silanes. Wed** 
agents, soch aa polyethoxylated Phenol may also bo added. 



•referred jsmoaaunciu 

,„ accordance with a preferred embodiment of «he present in.enuon, 7.93 pans of a solnuon of 

.sopropy, alcohol ,IPA,. 3.6 parts NaCl are produced by th. neunahzahon and are eUnunaud by 
celfugbrg the soiudon. The reaulbng soiudon is diluted .0 30% sohds by addme 61 .5 pans 
,PA per WO parts o, the soiudon. .00 parts o, dre neutrajized SZ-6050 (30-/. solids, ,s then 
reacted with 76.5 parts of itaconic acid and diluted with 301.75 parts water and 231.75 i parts 
^Propylaacohol. The soiudon is coated onto a substrate uren treated with a 10 Mrad dose of 
175 KV electrons, where it formed a film. 



T^n permeability values for each mm are given in units of cc/ square meter per 24 hours. 

values at 80-82% relative humidity utilizing a MOCON Model 2/20 MH. The MOCON 
instruments were obtained from Modem Controls Corporation. For companson, the 
polypropylene base film had a permeability of about 1500 cc/m2/24 hours, 
in Z examp.es 1-6 cited below, the polyamme was a 700 molecular weight polyethylene 
(PE1, obtained from Aldrich Chemical Company. Itaconic acid was also obtained from Aldnch 
Chemical Company. A wetting agent, "Eccoterge EO-100" was obtained from EaS ^^° ^ 
Chemical Company. The electron beam was produced by a Pilot Electro curtam electron beam 

from UCB Films. The Z-6040, gamma-trimethoxysilylpropyl glycidyl ether, was obtamed from 
Oow Corning Corporation, Midland. Michigan. The SZ-6050 ^^^^^T 
available from Dow Corning Toray Silicone Corp. (Japan,, and was prepared by addmg 40.5 ^ 
of a 1000 molecular weight polyethylenimine (SP-l 10, avaHable from Nippon Sholcuba, Japan, 
49.3 parts isopropyl alcohol, then heated to 80-90 degrees C. Then 10.2 parts of 
cloropropyltrimethoxy silane were added and heated at 80-90 degrees C for two hours. Th. 
solution was neutralized with NaMeO, then filtered. 

AoTItity of 7.46 g. of PEI was dissolved in 34 g . of isopropyl alcohol (1PA). and 22.54 g. of 
itaconic acid and 35 g. of water was added and stirred to produce a clear solubon. 
A solution of 0. 1 g- of "Eccoterge EO-100" in 100 ml of 50% aqueous IPA was prepared, and 50 g. 
of the PEI/ Itaconic acid solution was dUuted by the addition of 10 g. of the wettmg agent 
5 solution. Theresulun g 25wei g ht%solidssolutionwascoatedonacoronat r eatedonented 
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film. 

solution was heated at 60"C for three hours, then 21.978 g. 

7l%Ldo„souds,0fEeco»rgeEO-.00wasadded. The solution was duuted to 25% by 

ZnatreatedOPPfumusinga.^Myerrodanddtiedat.OO-llO-CforlOnunute, The 
I: «- — wim 10 Mrud do« of 175 KV ~ — a cured eoaung was 

formed on the film. 

n.dono t 7.245 g .o f P EI wasprep»red ta 2S 8 .onP A and 1 .221.ofZ-S040,vasadded. 
"aponds - a* moles Z-6040 per mole of 700 molecular weight PEL The soluuon - 

weteadded. The mixture was stirred to form a clear solution, and 0. 1% by sohds 

Example 2. It was coated, dried, and subjected to me electren beam as described m »X 

permeability of 1 10 compare me,er,24 hours. At 80 relmive humidity, me permeabdrty was 
16 cc/ square meter/ 24 hours. 

m 4 - 1.™ . « - - ~— ta 25 b - rf,pAa ° d 1 w g - ° f z " 6o4 ° "t?r 

moles per mo.e of 700 molecular weight PEL A torn, of 21.102 g. of itaconic add, 10 g. of IPA, 
rXofwamr^addedandonrredmo^ao^aoluno, - — 
Ltei EO-100 was added. The soludon was dduted, coated on corona treated OPP, dned 
, rcuLaade^hedm^^Thecoa^waa^mf^eatC^re^hum^^^ 
Ieo;genpermeab,hbywas0. 9 andl0co/s q uare„e.er / 2,hoursat0 % a„d80%rela W e 

humidity, respectively. 

EXamplC 5 a m oq „ of IPA and 2 346 g. of Z-6040 was added and 

A solution of 6.963 g. of PEI was prepared in 25 g. of IPA and 2.^0 g 

■ • ^ t Arvr for 1 hours The quantity of Z-6040 corresponds to one 
5 the solution was maintained at 60 C for 3 hours, tie qu ty 

mole of Z-6040 per mole of 700 molecular weight PEI. To this soluuon was then added 10 g. of 
m0le ° f P , 35e ofwater and it was stirred to produce a clear soluuon. 

IPA, 20.691 g. of itaconic acid, and 35 g. of water, an 

Eccoterge EO-100 in the amount corresponding to 0. 1% based on solids was added. The 
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The coating had a dry permeability of 30.5 cc/square meter/24 hours, but a wet permeab^ of 
only 14 cc/square meter/24 hours. 

El °°° Pte6 j - o 5 „ „fipA and4353K ofZ-6040/moleof700 

Asoluuonof6.459g.ofPEIwasprepa^m2Sg.ofIPA.and4.353g.o. ' 

modular weigh. PEL The solution ™ mainmined - 60-C for three hour., and 19. 188 g.of 
ita co„.c ncid was added along with 10 g. .PA and 35 g. water. The mixture was surred fonn a 
clear soluhon, and then Eccorerg. EO-100 Ur ar, amount corresponding to 0.1% hased on sonds 
wadded. Th.soludonwascoa.d.dHed.andeuredasdescrthedinEKan.p.e,. Theo^gen 
Zneahility was measumd. giving 58 ^ 47 «/ squaye meter,24 hours when rt was measured 
at 0% and 80% relative humidity, respectively. 

ATwelglt perceot coahog solution condoning polyethy.enimine. glycidy. m=thac,y.a.e as a 
crosslink, and itaconic acid in a !:0.5:16 mo.ar ratio in 50% aqueous isopropanol and 
containing 0.1% wetting agent was prepared as follows: 

A soluhon 016.138 g. of po.yeOiy.enimine, molecuUu weight 700. was prepared » g.of . 

sldlrnightatarnhientmmperature. A quantity of 12.5 g. of isopropano, _g W . 
of -Eccoterge EO-100" was added to the solution, followed hy 18.24 g. of itaoontc acid and 37.5 g. 
, r^em^re.vasstir.dunt.aolea.soludonw.sohtained. , 
seated polypropylene lUm usurg a .12 Myer rod, and Una eoated film was dned » a 100 oyen 
.Ominutes. .. was then seated wtth a 10 Mrad dose o, 175 KV eiectrons. 
penneahility was 140 mrd 38 co,24 hours/square tneters a. 0% and 80% relahve humrduy, 
respectively. 



^solutions containing the reaction product of Z-6020 and pentaerythritol tatraacrylate. 
.* itacunic acid in a 4,1:10.4 tnolar ratio were hlemled with a solution of polyethylenantne 
molecular weight 1.7 million, with added itaconic acid. 

120 weight pLen.coaungsolu.ion was prepared in 50% aqueous isopropano, hyOrefoUowmg 
medood. A soluhon of 10.864 g. of pentaeryduitol .chelate (PETA, in 160 g. rf*r 

at LLt temperature for one hour, then 4,.278 g. of itaconic acid was added olowed hy >60 
g „f water. The mhdure was shrred .0 form a clear solution, referred .0 here as SouhonA 

confining one mole of itaconic acid per gram atom of nitrogen was prepared as fo lows, 
^00 g. quand^of-PolyarinSK- a 24 weigh, percent solution of a 1.7 million molecular 
po,ye*yl!nimme, attained fmm BASF Corpora** was diluted with 80 g. o, daeonre amd whrch 
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were added together slowly. Stirring was continued until a clear solution was obtained. This 

solution is now referred to as "Solution B". ^ fn . f .. 

In a similar manner, a solution referred to here as "Solution C» was prepared from 100 g. 

"Polymin SK", 67 g. water, 93 g. of isopropanol, and 60 g. of itaconic acid. 

,„ a sunilar manner, a solution referred to here as "Solution D» was prepared from 100 g. of 

-Polymin SK", 82 g. water, 158 g. of isopropanol,. and 55 g. of itaconic add. 

Coaulg solutions were prepared as indicated below, and applied to corona treated polypropylene 

mmtogiveacoatweightof^ 

rai nutes, then treated with a 10 Mrad dose of 165 Kv electrons using a laboratory model electron 
oeam generator supplied by Energy Sciences, Inc. The permeabmty values are given » 
~r": + ,0,SolutionB. .eo.genpermeab.tywasO.^O.re.uve 

humidity and 6 1 at 80% relativity. 

Samples: 240 g. Solution A + 80 g. Solution D. The oxygen permeab** was 0. 1 at 0 A relauve 
humidity and 8 1 at 80% relativity. 

For Examples 9-10, the solutions were coated with an RK coater and dned for 10 nunutes 
room temperature before being passed through a drying tunnel at 60'C. ^ ^ — 
Lin^LtelvtreatedbyEaatavoltageoflTOKVandadoseoflOMrads. In the followmg 

examples, SZ-6050 is a silane grafted polyethylenimine available from Dow Cornmg Toray 
Silicone (Japan). 

rrflf 9 . solution of sodium tnethoxide (30% solids in methanol) were added to 100 g. of SZ- 
6050 50% soMs in iPA. 3.68 g. NoCl were produced by the neutralization and war, , elinuna.ed 
* centring the solution. Th, rating sotution was diluted to 30% sotids by 
nU 100 g. of solution. 10 g. of the neutralized SZ-6050 (30% solids) were reacted with 7.65 g. 
LI J and dduted wrth 30,75 g. water and 33.175 g. isopropy, aicoho,. ~ - 
weights were measured by weighing the Hints before and after washing them off wdhNaOHS, 
in IPA/MeOH/water (1:1:1). 

Neutralized SZ-6050/ITA (1/23) 

K-bar Coatweighttgsm) Dry OTR WetOTR 



YeUow 0.69 

Red I- 40 

Green 3.03 

Orange 7.21 

Brown 721 



59 43.4 

96 14.2 

125 4.75 

133 0 15 

200 Not 
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Example 10 molecular weight were added 

PFT/ITA (1-581), 15% solids in IPA/water (1.1) . iu g- • 

PEI/llA yi.ooi. h „JdfiQB water This corresponds to 1 

^ in 4fi Q e of isopropy alcohol and 4b.y g. warer. uu* r 
to 30.2 g. itaconic acid in 4b.y g- oi isuf u w 
m „ te o f i.aco n ica= i dper m o te . t ni«ien. 

K . bar Coatweight (gsm) DryUiK 



Yellow 



Green 
Orange 



0.69 0.58 136.7 



1.40 1-60 



37.9 



3.03 

7.00 NM(*) 



3.27 10.7 



0.14 



7 21 1°- 83 
(gating in the same condidons resulted in a coatweight of about 7 gsm. 



EXamPlfi "f,**. of polyethylenimine with a molecular weight of 25,000 was prepared in 85 

and 2.566 g. of fumaric acid were then added and warmed and sUrred to give 
The solutions coated on corona ^^^^^^^ 
, • , • a t 90-100-C for 10 minutes, then treated with a 10 Mrad dose of 175 KV 

oxygen permeability of 55 cc/square meter/24 hours. 

8 . o, water whfoh conmmad 0.015 g. ofEceoterge EO-100". A p«, =< ^ 'J 
Lwas^adwi.h^.o^.daar^whichwaaco^anco^^O^ 
....Mvarrod The caafodfdm was dried for 10 minutes man oven at 90-100 C and 

permeability of 12 cc/square meter/24 hours. 
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Claims: 



Composition comprising: ... 
an ethnically unsaturated acid and a famine characterized « that the conation 
has a crosslinker reacted therein and in the said polyanune has four or more A, B, or 

"TTs an -R2 - N(Rl) 2 unit, B is an -R* - N(R2-) 2 unit, and C is an (-R2)3N - unit, 



units, where: 



where: 

R l is independently selected from hydrogen, alkyl. substituted alkyl, aryl, 
substituted aryl, arylalkyl, and alkylaryl, and 
R 2 is independently selected from the group consisting of: 

linear or branched alkylene groups or substituted alkylene groups 
having from 1 to 18 carbon atoms, and 

arylene groups or substituted arylene groups having from 6 to 18 
carbon atoms. 

Composition according to claim 1. character^ in that the molar ratio of nitrogen atoms 
on the polvamine to the acid groups on the ethylenically unsaturated acid is from 10:1 to 
1:100. 

Composition according to claim 1 or 2, characterized in that the composition is dissolved in 
a solvent and the solvent is selected from the group consisting of water, alcohol, ether 
derivatives of mono and poly glycols, and mixtures thereof, and the solvent confutes 60- 
95 parts by weight of the total composition. 

Composition according to anyone of claims 1 to 3, characterized in that the ethylenically 
unsaturated acid is selected from the group consisting of itaconic. fumaric, maleic, 
citraconic, acrylic, methacrylic, and cinnamic, itaconic acid monomethylester, 
vinylphosphonic acid, mesaconic acid, sorbic acid, and vinyl sulphonic acid, and muctures 
thereof. 

Compositions according to anyone of claims 1 to 3, charactered in that the ethylenically 
unsaturated acid is a dicarboxylic acid or a monoalkylester thereof. 

Conation according to anyone of claims 1 to 5, characterized in that the composition 
includes an additive. 
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j composition according to claim 6, characterized in that the additive is selected from the 
group consisting of antiblock and slip aides, polar additives, a silane, an acrylate or 
methacrylate, polyethylenimine, glycidyl methacrylate. glycidol, ethyleneglycol 
diglycidylether, bisphenol A diglycidylether and wetting agents. 

8 . Condition according to anyone of claims 1 to 7, characterized in that the polyamine is 
polyelhylenimine. 

9 . Composition according to claim 8, characterized in that the polyethylennnine has a 
molecular weight in the range of 600 to 25,000. 

10 . Composition accord^ to anyone of claims 1 to 9, characterized in that *e crossUnker is 
an organic crosslinker. 

! ! Composition according to claim 10, character^ in that the organic crosslinker is selected 
from the group consisting of: multifunctional acrylates, methacrylates, eposes 
isocyanates, thiocyanates, acid halides, acid anhydndes, esters, alkyi hahdes and 
aldehydes, and combinations thereof. 

12. Compositionaccordingtoanyoneof^ 

reactive silane having the general formula QSiR m (OR) 3 . m , 

where Q contains a group selected from the group consisting of 
acrylates, aldehydes, methacrylates; acrylamides, methacrylamides, isocyanates, 
isothiocyanate, anhydrides, epoxides, acid chlorides, linear or branched 
halogenated alkyi, and halogenated aryl, 

and m is 1, 2 or 3, and R is a group having 1 to 4 carbon atoms, 
and in that said composition has optionally been neutralized. 

13 . Compositionaccordingtoclaum 1 2, charactenzed in that the reactive silane is selected 

from the group consisting of: 

gamma-acryloxypropyl trimethoxysilane; gamma-methacryloxypropyl 
trimethoxysilane, 3-glycidoxypropyl trimethoxy silane, chloropropyl 
trimethoxysilane, chloropropyl triethoxysilane, gamma- 

isocyanatopropyltriethoxysilane, vinyltriethoxy silane, vinyltrimethoxy silane, vmyl- 
tris-(2-expoxy cyclohexyl, silane and ethyltrimethoxy silane, chloropropyl tnethoxy 
silane, chloropropyl ethyldimethoxy silane, methyldimethoxy silane and 
glycidoxypropyl methyldimethoxy silane, and 
said composition has optionally been neutralized. 
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14. Composition according to anyone of claims 1 to 13, characterized in that the composition 
is coated on a substrate. 

15. Method for the manufacture of a substrate having barrier properties comprising the steps 
of 

(I) coating a substrate with a composition according to anyone of claims 1 to 14; and 

(II) treating the coated substrate of step (I) to initiate a free radical reaction. 

16 Method according to claim 15. characterized in that the free radical reaction is initiated by 
electron beam radiation, gamma radiation or ultraviolet radiation, optionally in the 
presence of photoinitiators, or said free radical reaction is initiated thermally in the 
presence of a free radical generator. 

17 Method according to clahn 16. characterized in that the treatment of step (II) is performed 
by electron beam radiation at from 5 KeV to 2000 KeV and greater than 0. 1 Mrads. 

18. Method according to claim 17, characterized in that the treatment of step (II) is performed 
by electron beam radiation at 150 kV and at least 5 Mrads. 

19. Method according to anyone of claims 15 to 18, characterized in that the coated substrate 
of step (I) is heated. 

20. Method according to claim 19. wherein the coated substrate of step (I) is heated in the 
presence of moisture. 

21. Method according to anyone of claims 15 to 20, characterized in that the substrate of step 
(I) is treated with a primer. 

22. Method according to claim 21, characterized in that the primer is selected from the group 
consisting of a silane, polyethylerumine, and carbodiimide. 

23 Method according to anyone of claims 15 to 22, characterized in that the substrate is 

selected from the group consisting of polyolefins, including oriented polypropylene (OPP). 
cast polypropylene, polyethylene and polyethylene copolymer; polystyrene; polyesters, 
including polyethylene terephthalate (PET), or polyethylene naphthalate (PEN); polyolefin 
copolymers, including ethylene vinyl acetate, ethylene acrylic acid and ethylene vmyl 
alcohol (EVOH), polyvinylalcohol and copolymers thereof; polyamides, including nylon, and 
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MXD6; polyimides; polyacrylonitrile; polyvinylchloride; polyvinyl dichloride; polyvinylidene 
chloride; polyacrylates; ionomers; polysaccharides, including regenerated cellulose; 
silicone, including rubbers or sealants; natural or synthetic rubbers; glassine or clay 
coated paper; paper board; craft paper; and metallized films and vapor deposited metal 
oxide coated polymer films, including MO x , SiO x , or TiO x . 

24 Method according to anyone of claims 15 to 23, characterized in that the treated substrate 
of step (II) is disposed on one or more additional substrates to form a laminate, and said 
additional substrate or substrates are optionally treated with a primer. 

25 Method according to claim 24, wherein the additional substrates used to form the laminate 
are selected from the group consisting of polyolefins, including oriented polypropylene 
(OPP) cast polypropylene, polyethylene and polyethylene copolymer; polystyrene; 
polyesters, including polyethylene terephthalate (PET), or polyethylene naphthalate (PEN); 
polyolefin copolymers, including ethylene vinyl acetate, ethylene acrylic acid and ethylene 
vinyl alcohol (EVOH), polyvinylalcohol and copolymers thereof; polyamides, including 
nylon, and MXD6; polyimides; polyacrylonitrile; polyvinylchloride; polyvinyl dichloride; 
polyvinylidene chloride; polyacrylates; ionomers; polysaccharides, including regenerated 
cellulose; silicone, including rubbers or sealants; natural or synthetic rubbers; glassine or 
clay coated paper; paper board; craft paper, and metallized films and vapor deposited 
metal oxide coated polymer films, including A10 x , SiO x , or TiO x . 

26. Packaging container comprising at least one barrier layer forming an integral part of said 
packaging container, characterized in that said barrier layer is formed by 

(I) coating a substrate with a composition according to anyone of claims 1 to 14; and 

(II) treating the coated substrate of step (I) to initiate a free radical reaction. 

27 Packaging container according to claim 26, characterized in that the container is selected 
from the group consisting of: pouches, tubes, bottles, vials, bag-in-boxes, stand-up 
pouches, gable top cartons, thermo-formed trays, brick-packs, boxes, and cigarette packs. 
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